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We report on a novel spin-charge fluctuation in the all-in-all-out pyrochlore magnet Cd2Os2O7,
where the spin fluctuation is driven by the conduction of thermally excited electrons/holes and
associated fluctuation of Os valence. The fluctuation exhibits an activation energy significantly
greater than the spin-charge excitation gap and a peculiar frequency range of 106–1010 s−1. These
features are attributed to the hopping motion of carriers as small polarons in the insulating phase,
where the polaron state is presumably induced by the magnetoelastic coupling via the strong spin-
orbit interaction. Such a coupled spin-charge-phonon fluctuation manifests as a part of the metal-
insulator transition that is extended over a wide temperature range due to the modest electron
correlation comparable with other interactions characteristic for 5d-subshell systems.
PACS numbers: 75.70.Tj, 75.10.Jm, 75.25.Dk, 76.75.+i
I. INTRODUCTION
The metal-insulator (MI) transition has been serving
as hunting ground for a wealth of emergent exotic prop-
erties in 3d transition-metal compounds, where the role
of electronic correlation (U) is the central topics of the
Mott insulators. The current expansion of research to the
4d and 5d transition metal oxides is adding a new avenue
to the relevant field, where the novel electronic phases
induced by spin-orbit (SO) interaction comparable to U
are under much discussion for Ir and Os pyrochlore com-
pounds [1–4]. Recently, the effects of the strong SO in-
teraction on the magnetic properties in these compounds
are attracting growing attention. The SO interaction
mediates coupling between spin and lattice degrees of
freedom, leading to a peculiar magnetic structure con-
comitant with the lattice modulation associated with the
MI transition. The magnetism in the perovskite magnet
Sr2IrO4 comprises a typical example, where the iridium
spin structure is aligned with the rotation of IrO6 octa-
hedra via the Dzyaloshinskii-Moriya interaction [5, 6].
The very recent revelation of the strong spin-phonon
coupling in Cd2Os2O7 put this compound in the spot-
light as an excellent stage for investigating the uncon-
ventional effect of the SO interaction on magnetism [7].
Previously, Cd2Os2O7 was known as a unique example in
that the MI transition of purely electronic origin (with-
out change in the crystal symmetry) was suggested by
a modest increase of electrical resistivity (ρ) at 225–6
K [8, 9]. Magnetic susceptibility and specific heat mea-
surements suggested the conventional Ne´el order below
TN ≃ 227 K, which was in line with the Slater mecha-
nism for the MI transition [9, 10]. However, the revela-
tion of a non-collinear all-in-all-out (AIAO) spin struc-
ture (i.e., the propagation vector q = 0) implied by res-
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FIG. 1. Schematic diagrams of the band structure and as-
sociated electronic/magnetic phases based on optical spec-
troscopy in Cd2Os2O7 [15]. Magnetic transition [with All-
In/All-Out (AIAO) spin structure] occurs in the midst of
semimetal phase at TN , whereas the semimetal-to-insulator
transition occurs in the AIAO-magnet phase at T ∗ ≃ 210 K.
In this work, the small-polaron band (SPB) is suggested to
convey thermally activated carriers for TH . T . T
∗. ∆C
(∆D) and EF refer to the indirect (direct) band gap in the
insulating phase and the Fermi level, respectively.
onant X-ray magnetic scattering (RXMS) [11, 12] and
subsequent neutron diffraction measurements [13] ruled
out the Slater mechanism, leading to the suggestion that
the MI transition was induced by the variation of Fermi
surface topology (the Lifshitz transition) [11, 14].
Meanwhile, as shown in Fig. 1, it was inferred from
optical spectroscopy experiment that a true charge gap
(∆C) opens at around T
∗ ≃ 210 K (< TN), indicating
that the relevant phase is split into the AIAO-semimetal
(AS) and AIAO-insulator (AI) phases [15]. While the
observed change in the spectral weight is consistent with
that predicted by the LDA+U calculation, the discrep-
ancy between TN and T
∗ suggests a successive MI tran-
sition that may accompany a variety of unconventional
critical behaviors. The issue seems also related with
2anomalous damping of muon spin rotation (µSR) signal
between TH ≃ 150 K and TN in the AIAO-magnet phase
reported in the earlier study [16].
Here, we reveal the presence of novel spin-charge-
phonon fluctuation lurking under the guise of quasistatic
AIAO magnetic order. The spin fluctuation is driven by
the conductive motion of electrons/holes that accompa-
nies the valence fluctuation of Os ions throughout both
the AS and AI phases over a temperature range between
TH and TN , which is further corroborated by the en-
hancement of spin fluctuation upon hole doping [by Re
substitution for Os, Cd2(Os1−xRex)2O7 with x = 0.01
and 0.03] below TH where the influence of intrinsic carri-
ers is negligible. The activation energy for the fluctuation
is significantly greater than that for the spin-charge ex-
citation, suggesting that the carrier mobility is limited
by the magnetoelastic coupling via the SO interaction
[7]. We show that the scenario of small-polaron (called
magnetoelastic polaron) is quantitatively in line with the
temperature dependence of the fluctuation rate, where
TH represents the magnitude of the magnetoelastic cou-
pling.
II. EXPERIMENTAL DETAILS
Single crystalline (sc-) samples of Cd2Os2O7 were pre-
pared by the chemical vapor transport technique [11],
while polycrystalline samples of Cd2(Os1−xRex)2O7 were
prepared by solid phase reaction method. Conventional
µSR measurements were performed on sc-Cd2Os2O7 at
the Paul Scherrer Institute (PSI), Switzerland, and on
the polycrystalline samples of Cd2(Os1−xRex)2O7 at
TRIUMF, Canada, where a nearly 100% spin-polarized
beam of positive muons with a momentum of ∼27 MeV/c
was irradiated to these samples loaded to a He-flow cryo-
stat, and time evolution of muon spin polarization was
monitored by recording positron decay asymmetry [A(t)]
as a function of time. During the measurement under a
zero field (ZF), residual magnetic field at the sample posi-
tion was reduced below 10−6 T with the initial muon spin
direction parallel to the muon beam direction. Measure-
ments were also performed under a couple of different
magnetic fields (0.2, 0.4 T) applied parallel to the ini-
tial muon polarization (longitudinal field, LF) to deduce
the muon-Os hyperfine parameter (δµ) and its fluctuation
rate (ν) reliably.
III. RESULT
As shown in Fig.2a, the µSR time spectra above TH
exhibit depolarization described by a simple exponential
damping without oscillation,
A(t) = A0 exp(−λ
∗
‖t), (1)
FIG. 2. Typical ZF-µSR time spectra observed in (a) single-
crystalline (sc-) Cd2Os2O7 at various temperatures (up to 0.5
µs) and (b) in Cd2(Os1−xRex)2O7 at 50 K for x = 0, 0.01, and
0.03 (up to 3 µs). Temperature dependence of (c) spontaneous
muon precession frequency deduced from the ZF-µSR spectra,
(d) the Hall coefficient, (e) resistivity normalized at 300 K,
and (f) magnetic susceptibility measured at 2 T, with TH and
TN representing the characteristic temperatures.
where A0 and λ
∗
‖ are the initial asymmetry and the longi-
tudinal depolarization rate, respectively. Meanwhile, the
spectra below TH are well represented by a single com-
ponent of damping oscillation. More specifically, these
spectra are described by the following simple form for
the mosaic crystals (corresponding to the polycrystalline
average),
A(t) ≃ A0[
2
3
exp(−λ⊥t) cosωmt+
1
3
exp(−λ‖t)], (2)
where ωm = γµBm is the spontaneous muon precession
frequency, γµ is the muon gyromagnetic ratio (= 2pi ×
135.53 MHz/T), Bm is the internal local field probed by
muon, and λ⊥, λ‖ are the transverse and longitudinal
depolarization rate, respectively. Bm is predominantly
determined by the vector sum of the magnetic dipolar
fields from the local Os moments, so that we have
Bm = |
∑
j
Aˆjµj |, (3)
where Aˆj is the dipole tensor and is expressed by
Aˆj = A
αβ
j = (3αjβj − δαβr
2
j )/r
5
j (α, β = x, y, z), (4)
and the summation runs through the j-th Os5+ moment
µj located at rj = (xj , yj , zj) from a muon site.
It is noticeable in Figs. 2b and 2c that muon depolar-
ization is strongly influenced by mobile charge carriers.
3The Re substitution for Os leads to the increase of λ⊥
with increasing x below TH where no intrinsic carriers
are presumed to exist (for λ‖, see below). Moreover, the
disappearance of coherent muon spin precession above
TH [16] is in coincidence with the increase of the carrier
density and/or the mobility as inferred from the Hall co-
efficient shown in Fig. 2d. It is also clear in Figs. 2e and
2f that TN remains unchanged upon Re substitution.
The depolarization rate λ∗‖ above TH deduced by curve-
fit using Eq.(1) is shown in Fig. 3a. Here, a convincing
evidence for the spin fluctuation as the origin of λ∗‖ mani-
fests in its dependence on the longitudinal magnetic field
B, which is described by the following equation [17],
λ∗‖(B) ≃
2δ2µν
ν2 + ω2µ
, (5)
δ2µ =
1
2
γ2µµ
2
Os
∑
j,α,β
(Aαβj )
2 (6)
where δµ is determined by the second moments of the
dipole tensor Aˆj [Eq. (4), with summation for α = x, y, z,
and β = x, y], µOs = |µj |, and ωµ = γµB is the muon
precession frequency. It is noteworthy in Fig. 3a that
the peak of λ∗‖ is clearly observed at a temperature Tp
in the each set of data for a common B, indicating that
a resonant enhancement of longitudinal spin relaxation
occurs at ν(Tp) = ωµ as expected in Eq.(5). The up-
ward shift of Tp with B indicates that ν(T ) increases
monotonically with temperature rise, thereby allowing
us to deduce ν uniquely from Eq.(5) that generally yields
two solutions as a quadratic equation of ν. The magni-
tude of δµ was also determined experimentally by the B-
dependence of λ∗‖ at each temperature (see Fig. 3b), yield-
ing δµ = 27.8(9) MHz as a mean value for TH . T < TN .
The depolarization for T < TH observed under a zero
field can be described as a part of the above-mentioned
resonant relaxation, where δµ and ωµ in Eq. (5) are pre-
dominantly determined by Bm to yield
λ‖ ≃
2
3
[
2ω2mν
ν2 + ω2m
]
, (7)
λ⊥ ≃
λ‖
2
+ λm, (8)
where λm = γµ
√
〈∆B2m〉 with 〈∆B
2
m〉 being the mean
square of the quasi-static field distribution of Bm. The
prefactor 2/3 is derived from the fact that only 2/3 of
the entire polarization is subject to decay by the fluctua-
tion of Bm perpendicular to the initial muon polarization.
When ν is much smaller than ωm, Eqs. (7) are further
approximated to yield λ‖ ≃ 4ν/3 and λ⊥ ≃ λm + 2ν/3.
Here it must be stressed that λ‖ is directly proportional
to ν, so that the non-zero λ‖ for the samples with x > 0
found in Fig. 3d unambiguously indicates the presence of
dynamical fluctuation induced by carrier doping. Mean-
while, the non-linear x dependence of λ⊥ suggests con-
FIG. 3. (a) Muon depolarization rate versus T (> TH ≃ 150
K) in sc-Cd2Os2O7 under a longitudinal field (LF) of 0, 0.2,
and 0.4 T, and (b) muon-Os hyperfine parameter deduced
from the data shown in (a) by fits using Eq. (5). Arrows
indicate maxima of λ∗‖ for the respective sets of data, and
dashed curves are the least-square fits using Eqs. (5) and (10)
in the text. (c), (d) Muon depolarization rate (λ⊥, λ‖) vs. Re
content x at 50 K (< TH). (e)–(g) λ‖, λ⊥, and spin fluctuation
rate (ν) in Cd2(Os1−xRex)2O7 for the samples with respective
Re content. Dashed curves show the result of least square fit
for ν and λ‖ in sc-Cd2Os2O7.
tribution of Re-Re correlation to λm with increasing x in
determining the quasi-static randomness.
The temperature dependence of ν (T & TH) is sum-
marized in Figs. 3e–3f together with λ‖ (≃ ν) and λ⊥ for
T . TH . It is noticeable that these parameters exhibit
monotonic increase with temperature for T & 100 K. In
particular, ν exceeds 109 s−1 for T & 200 K, which is
unlikely to be induced by the self-diffusion of muon be-
cause the muon is suggested to be in a bonding state with
ligand oxygen (i.e., forming an OH-bond, see Sec. IV.A).
Thus the fluctuation can be reasonably attributed to the
local Os spin fluctuation.
The loss of coherent muon spin precession above TH is
attributed to the sharp increase of λ‖ with increasing ν
towards ωm = 5.2894×10
7 s−1 (see Fig. 3e) where Eq.(7)
exhibits maximum [known as “T1 minimum” in nuclear
magnetic resonance (NMR)]. Thus TH is defined as the
temperature where the condition
λ⊥ ≃
λ‖
2
≃
ωm
2pi
is satisfied. The relatively smooth change of ν in pass-
ing through TH is in line with the fact that the sublat-
4tice magnetization |M | (∝ |Bm|) exhibits only gradual
change over the relevant temperature range. Such a reso-
nant depolarization process (which we call “T2 anomaly”)
does not occur for the magnon/spin-wave excitation be-
cause the frequency range (∼1012 s−1) is far greater than
ωm [18].
We note that the similar T2 anomaly has been also
suggested in the preliminary result of 17O-NMR measure-
ments on single-crystalline Cd2Os2O7, which is discussed
in more detail in the Supplemental Material [19].
IV. DISCUSSION AND CONCLUSION
A. Muon Site
Since muon behaves as a pseudo-hydrogen in matter,
the variation in the total electron energy upon hydro-
gen inclusion estimated by the density functional theory
(DFT) calculation serves as a useful guide in narrowing
down the candidate muon sites. The most probable site
is then inferred from the three experimentally observ-
able quantities, i.e., the muon Knight shift and associated
linewidth in the paramagnetic phase (T > TN ), the hy-
perfine parameter δµ deduced from the field dependence
of λ∗‖ for TH < T < TN , and the internal magnetic field
Bm in the AF ground state (T ≪ TH). Following the sug-
gestion from the DFT calculation for the total electron
energy using the VASP code package [21], we examined
positions around the two potential minima, µ(1) (near
the Wycoff position 32e of space group Fd3¯m) and µ(2)
(near 48f/96g) positions along 〈111〉 direction shown in
Figs. 4a,b [crystal coordination (0.062,0.062,0.062) and
(0.185,0.185,0.185), corresponding to the distance from
the oxygen (O’) site rOµ = 0.11 and 0.32 nm, respec-
tively].
It is empirically well established that muons in tran-
sition metal oxides exhibit a tendency of forming lo-
cal bound states with ligand oxygen at their interstitial
sites [22]. This has a semi-quantitative basis that hydro-
gen impurities exhibit a similar tendency in non-metallic
compounds [23, 24]. The suggested global minimum of
the total energy at the µ(1) position is indicative of such
a tendency, as the O’H distance is close to the typical
OH bond length (∼0.1 nm).
T > TN :—It is suggested from the µSR the linewidth
observed in the muon Knight shift measurements (un-
der a transverse field of 6 T applied parallel with 〈111〉,
see Fig. 4d) that the muon position at 280 K (> TN ,
paramagnetic semimetal phase) is located near the 32e
site, because these predicted for the sites within the Os
tetrahedra (48f or 96g) far exceed the experimental ob-
servation.
TH . T < TN :—In this temperature range, the muon
position is examined by the consistency of Bm (as a mean
value) estimated by δµ with that observed below TH for
FIG. 4. (a) Crystal structure of Cd2Os2O7 with the arrow
showing the possible muon position with distance rOµ from
the O’ site along 〈111〉 axis. (b) The total energy of Cd2Os2O7
hosting a hydrogen atom in the interstitial position evaluated
by the DFT calculation, where the position µ(1) correspond-
ing to the 32e site (Wycoff position) exhibits a minimum. A
local minimum µ(2) is located near those with 48f/96g sites.
(c) A contour map of the local magnetic field calculated for
the 〈110〉 plane, where the Os moment size of 1µB is assumed.
The labels µ(i) indicate the local potential minima shown in
(b). (d) The fast Fourier transform of the µSR spectra under
a transverse field of 6 T, where the bars indicate linewidth
expected for the µ(i) positions. The signal from silver sample
holder (Ag) is also observed at +94 ppm (2 K).
various rOµ, because the present µSR result suggests that
Bm remains well established at least around TH . The
calculated |δµ|/µB versus rOµ is shown in Fig. 5a, from
which we can evaluate the possible Os moment size for
the corresponding δµ(exp.),
µOs =
δµ(exp.)
|δµ|
µB (9)
which is shown in Fig. 5b. Using the calculated Bm/µOs
along the 〈111〉 axis in Fig. 5c (which is extracted from
Fig. 4c), one can estimate Bm = (Bm/µOs)× µOs versus
rOµ as shown in Fig. 5d. Bm coincides with experimental
value at rOµ ≃ 0.094 nm in reasonable agreement with
that estimated for T . TH . (Another candidate position
with rOµ ≃ 0.34 is close to the 48f/96g sites and thereby
it can be excluded.)
T . TH :—The muon site for the AI phase is inferred
from the magnitude of Bm associated with the AIAO
magnetic order, where Bm is predominantly determined
by the magnetic dipolar field from the static Os moments
given by Eq. (3). Fig. 4c shows a contour map of Bm
for the 〈110〉 plane including the O’ site calculated for
µOs = 1µB. The curve-fit of the µSR spectra for T . TH
indicates that ωm/2pi converges to 8.4184(4) MHz with
5FIG. 5. (a) Muon-electron hyperfine parameter |δµ| per Os
moment µOs in the paramagnetic phase calculated for the
position rOµ along the 〈111〉 direction. (b) The effective size
of µOs obtained by dividing experimental δµ by |δµ|/µOs in
(a). (c) The local magnetic field Bm per µOs calculated along
the 〈111〉 axis quoted from Fig. 4c. (d) The rOµ dependence
of the calculated Bm obtained as the product of (b) and (c),
where Bm coincides with the experimental value (62.1 mT)
for T ≤ TH at rOµ ≃ 0.094 nm, which is in good agreement
with rOµ for T < TH .
decreasing temperature, yielding Bm = 62.110(3) mT.
This corresponds to the muon position at rOµ = 0.127
nm from the O’ site along the 〈111〉 direction [crystal
coordination (0.072,0.072,0.072)], which is in reasonable
agreement with the µ(1) site suggested to be the most
stable position for the interstitial hydrogen showing the
global minimum of the total energy.
Thus, it is concluded that muon occupies nearly
identical sites throughout all the electronic phases in
Cd2Os2O7 despite the change in the electronic property,
indicating that the Oµ bonded state is quite stable in this
compound. This is corroborated by the relatively large
energy gain associated with the µ(1) position shown in
Fig. 4b, where the potential barrier for migration to the
next nearest site exceeds ∼ 1.6 eV. Even the relatively
large zero-point energy for muon (≃ 0.1–0.2 eV) would
not change the situation, making it quite unlikely that
muon diffusion occurs with the observed activation en-
ergy (Ea ≃ 0.21 eV) within the relevant temperature
range.
B. Magnetoelastic polaron model
Considering that the density of states near EF comes
from the Os 5d orbitals, the hopping of carriers is ex-
pected to induce temporal modulation of the local spin
configuration due to the fluctuation of Os valence, thus
leading to the fluctuation of Bm observed by muons at
the nearest neighboring sites. More specifically, the mag-
FIG. 6. Schematic illustrations of magnetoelastic polaron mo-
tion showing a) sequential spin configurations and b) their
energetics. In a), the Os4+ (electron) or Os6+ (hole) state
is presumed to be in the low spin state (S = 0) of the t2g
multiplet (opaque ball), which locally modulates AIAO spin
configuration successively in moving from top to the bottom
on an Os chain (left to right). In b), phonons are involved
to adjust the magnetoelastic polaron energy (Ω) for tunnel-
ing from the Os1 to Os2 site (with an effective matrix teff).
These phonons also cause potential fluctuation (Γ) to reduce
the tunneling probability.
netic transitions may occur between 5d3 (S = 3/2) and
5d2 or 5d4 (the S = 0 low spin state expected for the
5d metals), which leads to a local three-in or three-out
spin configuration as schematically illustrated in Figs. 6a.
The doping of itinerant holes by Re substitution would
lead to a similar consequence, dominating the fluctuation
below TH . The fluctuation rate observed by muon is then
given by
ν ≃ σcvn,
where σc is the cross section for carriers to interact with
the Os ion neighboring to the muon, v is the carrier ve-
locity, and n is the carrier density (we disregard the dif-
ference between electrons and holes [14]). Given that the
Fermi level is situated at the center of the energy gap (see
Fig. 1), the temperature dependence of n in the AI phase
is given by the equation n(T ) ≃ n0 exp[−∆D(T )/kBT ],
where n0 is the carrier density in the semimetallic phase
which is theoretically estimated to be 1.27 × 1021 cm−3
[25]. However, it turns out that the curve-fit analysis by
the relation ν(T ) ∝ exp(−Ea/kBT ) yields Ea = 0.210(2)
eV which is significantly greater than ∆D(T ) (≃ 0.050–
0.075 eV [15]), indicating the need for considering addi-
tional interaction that reduces v and/or n.
Here, the presence of strong spin-phonon coupling [7]
naturally leads to the possibility that the large Ea is as-
sociated with the formation of small polarons in the AI
phase where charge screening by free carriers is dimin-
ished. The relevant quasiparticle may be called mag-
netoelastic polaron, as the carrier motion accompany-
ing spin-flip requires extra cost of energy determined by
the magnetoelastic interaction. As shown in Fig. 6b, the
6small polarons exhibit hopping motion described by v ≃
at2eff/~Γ(T ), where a is the distance of carrier hopping,
teff is the effective tunnel matrix, and Γ(T ) is the final
state potential fluctuation by phonons [26]. The polaron
is called “small” when teff = t0 exp[−S(T )] ≪ Γ(T ),
where t0 and S(T ) refer to the transfer matrix of carriers
in the rigid lattice and the renormalization factor due
to the lattice relaxation, respectively. S(T ) converges
to S(0) = 5Ω/2kBΘD for T . 2ΘD/5 = 160 K [with
ΘD ≃ 400 K being the Debye temperature [9])] , whereas
it is governed by thermal activation for T > TH so that
S(T ) ≃ Ω/kBT with Ω predominantly determined by the
energy required to restore the translational symmetry via
multi-phonon process. The good agreement between TH
and 2ΘD/5 provides further evidence that TH is the char-
acteristic temperature for the small polaron hopping.
Considering that Γ(T ) = Γ0 exp[−S(T )] [26], the entire
temperature dependence of ν may be then described by
the equation
ν(T ) ≃ σcv0n0 exp
[
−
∆D +Ω
kBT
]
+ νx, (10)
where v0 = at
2
0/~Γ0, and νx is for the fluctuation induced
by carrier doping. A curve-fit using Eq. (10) for the data
of sc-Cd2Os2O7 sample yields σcv0n0 = 4.79(46)× 10
13
s−1 and Ω = Ea − ∆D(T ) ≃ 0.14–0.16 eV. The corre-
sponding ν(T ) curve is shown in Figs. 3e–3f for compar-
ison with the data in polycrystalline samples. Using a
coarse estimation that σc ≃ 2 × 10
−15 cm2 (the cross
section of an Os tetrahedron), we have v0 ≃ 10
7 cm/s
which is in reasonable agreement with the Fermi veloc-
ity obtained by the LDA calculation (≃ 5.9 × 106 cm/s
[27]). The magnitude of Ω is consistent with the energy
required for the multiphonon process involving the spin-
coupled phonons [7]. The energy cost for the adiabatic
spin-flip (∆M , which comprises a part of Ω) would be
similar to the magnetic transitions observed by the res-
onant inelastic X-ray scattering [13, 28], where only the
lower energy part (101–102 meV, < Ea) is relevant.
The absence of anomaly around TH and/or T
∗ in the
magnetic susceptibility (see Fig. 2f) and in the RXMS
amplitude [11] is explained by the well localized (which
is soliton-like, because of the Ising anisotropy) and inco-
herent characters of the magnetic fluctuation that result
in the reduction of the order parameter only by a factor
determined by the carrier density, ∆M/M ≃ n(T )/n0.
Meanwhile, the discrepancy between TN and T
∗ implies
that the AIAO magnetic order is driven by the local
(q = 0) energy gain of Os magnetic moments irrespective
of the Fermi surface topology.
The evidence for the small-polaron conduction in the
AI phase implies the importance of magnetoelastic cou-
pling in understanding the transport properties in the
semimetallic phase as well. Provided that the MI tran-
sition progresses concomitantly with U becoming dom-
inant over T at low temperatures, n(T ) would exhibit
only modest reduction around TN . Considering the dis-
tinct correlation between TN and the increase of ρ(T ),
it is tempting to speculate that the magnetoelastic cou-
pling serves to reduce the mobility by forming a pola-
ronic state [e.g., a large polaron that satisfies the rela-
tion teff ≫ Γ(T )] in the AS phase. This is corroborated
by the remarkable concordance in the T dependence be-
tween the plasma frequency [15] and the frequency of the
spin-coupled phonons [7].
In summary, we found a novel spin-charge-phonon
fluctuation in the AIAO pyrochlore magnet Cd2Os2O7,
where the spin fluctuation is driven by the conduction of
carriers throughout semimetal (AS) and insulator (AI)
phases. The characteristic energy scales involved in the
fluctuation suggests the conduction of magnetoelastic po-
larons in the AI phase. This in turn suggests need to
reconsider the electronic properties of the AS phase from
the viewpoint of the MI transition at finite temperatures.
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